Introduction {#sec1}
============

Head and neck squamous cell carcinomas (HNSCCs) include cancers of the oropharynx, oral cavity, larynx, or hypopharynx and affect more than 500,000 people each year worldwide.[@bib1]^,^[@bib2] The prevalence of certain subtypes of HNSCCs, such as oropharyngeal cancer, has increased as a result of infection with human papillomavirus or due to exposure to carcinogens, such as tobacco and alcohol.[@bib3] Standard practice for the treatment of HNSCC includes a combination of surgery, radiotherapy, and chemotherapy, which is determined based on the primary tumor location and tumor node metastasis stage.[@bib4] Cancer stem cells (CSCs) in HNSCC are associated with enhanced radioresistance and chemoresistance causing metastasis and tumor recurrence.[@bib5] Cellular factors that regulate the tumorigenicity of CSCs in HNSCC represent novel therapeutic targets for the disease, which are urgently needed to improve the survival rate of HNSCC patients. Long non-coding RNAs (lncRNAs) have been suggested to exhibit altered expression in HNSCC and associate with clinical stage, lymph node metastasis, tumor progression, and poor prognosis.[@bib6]

lncRNAs are reported to be functional in various cancers.[@bib7] They can regulate gene expression or chromosome activity through induction of DNA and protein modification, protein supplement, and RNA interaction.[@bib8] One such lncRNA, LINC00355, interacts with chromatin and regulates the transcription and processing of RNA.[@bib9] LINC00460 could be used as a novel biomarker to accurately predict the prognosis of patients suffering from HNSCC.[@bib10] Another non-coding RNA, microRNA-195 (miR-195), suppresses cell proliferation, migration, and invasion, as well as enhances cell apoptosis in laryngeal squamous cell carcinoma.[@bib11] Circulating miR-195-5p levels serve as a prognostic and therapeutic biomarker for HNSCC.[@bib12] Homeobox (HOX) genes, a class of transcription factors mainly functioning during the early stages of disease, are highly expressed in multiple cancers, including HNSCCs.[@bib13] A previous study revealed that downregulated HOXA10 by miR-135a-5p can repress cell proliferation and promote cell apoptosis in HNSCC.[@bib14] Interestingly, knockdown of LINC00483 sponging miR-144 elevated the suppression of miR-144 on HOXA10 but downregulated the expression of HOXA10, thus inhibiting epithelial-mesenchymal transition (EMT) in lung adenocarcinoma.[@bib15] Based on this evidence, we hypothesized that miR-195 regulates HOXA10 expression in the development of HNSCC. This study investigates the relationship between LINC00355, miR-195, and HOXA10 and their effects on the progression of HNSCC.

Results {#sec2}
=======

CSCs with High Expression of ALDH-1 Were Sorted {#sec2.1}
-----------------------------------------------

The spheroidal HNSCC cells possessed the ability of self-renewal. The fluorescence-activated cell sorting (FACS) results ([Figures 1](#fig1){ref-type="fig"}A and 1B) show that the expression of aldehyde dehydrogenase 1 (ALDH-1) in the sorted cells was significantly higher than the negative control (NC) group (p \< 0.05).Figure 1High ALDH-1 Expression in HNSCC Cells Is Associated with CSC Properties(A) The expression rate of ALDH-1 in the NC group measured by flow cytometry. (B) The expression rate of ALDH-1 in sorted cells measured by flow cytometry. (C) The colony-formation ability of HNSCC cells detected by the soft agar colony-formation assay. The measurement data were expressed as mean ± SE. Data among multiple groups were compared by one-way ANOVA. The experiment was repeated three times. \*p \< 0.05 versus adherent cells and pre-sorting cells. The T shape line indicates SD.

After sorting, the number of cell colonies formed by sorted cells in the soft agar colony-formation assay was significantly higher than the number of cell colonies formed by the adherent cells and pre-sorted cells (p \< 0.05; [Figure 1](#fig1){ref-type="fig"}C). HNSCC cells with the highest ALDH-1 expression demonstrated characteristics similar to CSCs and were used in subsequent assays.

LINC00355 Competitively Binds to and Downregulates miR-195 {#sec2.2}
----------------------------------------------------------

HOXA10 was highly expressed in HNSCC ([Figure 2](#fig2){ref-type="fig"}A), and its expression correlated with prognosis of the disease ([Figure 2](#fig2){ref-type="fig"}B). HOXA10 is predicted to be a target of hsa-miR-27b-3p, hsa-miR-195-5p, hsa-miR-16-5p, and hsa-miR-27a-3p using the prediction websites [microRNA.org](http://microRNA.org){#intref0010}, Targetscan, Mirdb, and MiRSearch ([Figure 2](#fig2){ref-type="fig"}C). Further analysis revealed that miR-195-5p was poorly expressed in HNSCC ([Figures 2](#fig2){ref-type="fig"}D and 2E). LINC00355 was predicted to bind with miR-195 and was highly expressed in HNSCC ([Figure 2](#fig2){ref-type="fig"}F). The subcellular localization of lncRNA LINC00355 was predicted, and it was found that LINC00355 located in both nucleus and cytoplasm ([Figure 2](#fig2){ref-type="fig"}G). The fluorescence *in situ* hybridization (FISH) assay ([Figure 2](#fig2){ref-type="fig"}H) further highlighted that LINC00355 expressed in both nucleus and cytoplasm.Figure 2LINC00355 Competitively Binds to miR-195 and LINC00355 Silencing Elevates the Expression of miR-195(A) The expression of HOXA10 in the normal tissues and the HNSCC tissues retrieved from TCGA database. (B) The survival rate analysis with HOXA10 retrieved from TCGA database. (C) Prediction of target miRNAs of HOXA10. (D) Expression of miR-195 in the normal tissues and the HNSCC tissues retrieved from TCGA database. (E) The heatmap of the top 10 differentially expressed genes from the dataset of [GSE11163](ncbi-geo:GSE11163){#intref0020} (human papillomavirus infection negative). (F) Expression of LINC00355 in the normal tissues and the HNSCC tissues retrieved from TCGA data. (G) Bioinformatics prediction of subcellular localization of LINC00355. (H) Subcellular location of LINC00355 detected by the FISH assay (200×). (I) Prediction of the bind site between LINC00355 and miR-195 in the website <http://www.mircode.org/>. (J) The relationship between LINC00355 and miR-195 verified by the dual luciferase reporter gene assay. (K) Predication of binding site between miR-195 and HOXA10. (L) The binding of LINC00355 to Ago2 protein detected by the RNA co-immunoprecipitation assay. (M) The expression of miR-195 determined by qRT-PCR. (N) The protein expression of HOXA10 in response to the altered expression of LINC00355 and miR-195 as measured by western blot analysis. The measurement data were expressed as mean ± SE. Data comparison between two groups was conducted using unpaired t test (J--L). Data among multiple groups were compared by one-way ANOVA (M and N). The experiment was repeated three times. In (J) and (M), \*p \< 0.05 versus the NC group; in (L), \*p \< 0.05 versus the IgG group. The T shape line indicates SD.

Specific binding sites between LINC00355 and the miR-195-5p were identified, suggesting that miR-195-5p was a target of LINC00355 ([Figure 2](#fig2){ref-type="fig"}I).

A dual luciferase reporter gene assay was used to verify the binding of LINC00355 to the 3′ untranslated region (3′ UTR) of miR-195. The results suggest that the luciferase activity of wild-type miR-195 (miR-195-WT) was attenuated after treatment with LINC00355 compared to the NC group (p \< 0.05), but the luciferase activity of miR-195-Mut was not inhibited ([Figure 2](#fig2){ref-type="fig"}J). The predicted binding sites between the 3′ UTR of HOXA10 and miR-195 were also verified using the dual luciferase reporter gene assay. Compared with the NC group, the luciferase activity of HOXA10-WT was significantly suppressed by transfection of miR-195 (p \< 0.05), while in the HOXA10-Mut group it showed no significant difference in luciferase activity ([Figure 2](#fig2){ref-type="fig"}K). This suggests that miR-195 specifically binds to the 3′ UTR of HOXA10 and downregulates its expression at the post-transcriptional level.

Results of RNA co-immunoprecipitation assay, which was performed to analyze the binding of LINC00355 to Ago, indicated that the relative enrichment of LINC00355 binding to Ago2 was increased significantly relative to that binding to immunoglobulin G (IgG) (p \< 0.05). The result revealed that LINC00355 could bind to Ago2 protein, namely, LINC00355 could competitively bind to miR-195 ([Figure 2](#fig2){ref-type="fig"}L).

miR-195 expression was measured after LINC00355 overexpression or silencing in HNSCC cells ([Figure 2](#fig2){ref-type="fig"}M). When LINC00355 was silenced, the expression of miR-195 increased significantly (p \< 0.05), while overexpression of LINC00355 led to decreased miR-195 expression (p \< 0.05). Therefore, LINC00355 silencing upregulates the expression of miR-195.

The competitive binding of LINC00355 to miR-195 and HOXA10 was further verified by western blot analysis. The presence of LINC00355 led to increased miR-195 protein expression and decreased HOXA10 protein levels. Similarly, under the certain expression of miR-195, expression of HOXA10 increased with the increase of LINC00355 ([Figure 2](#fig2){ref-type="fig"}N). Collectively, the data suggest that LINC00355 competitive binds to miR-195 resulting in the upregulation of HOXA10 expression.

LINC00355 Silencing or miR-195 Upregulation Inhibits Viability and EMT and Promotes Apoptosis of HNSCC CSCs {#sec2.3}
-----------------------------------------------------------------------------------------------------------

The effect of LINC00355 and miR-195 on viability of CSCs was assessed by the 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay ([Figure 3](#fig3){ref-type="fig"}A). The results revealed that there was no dramatic difference in cell viability between all groups within 24 h (p \> 0.05). At the 48^th^ h and 72^nd^ h time points, there was no significant difference between the control group and the NC group (p \> 0.05). Relative to the control group and the NC group, the optical density (OD) values for the si-LINC00355 group, the miR-195 mimic group, and the si-HOXA10 group were significantly reduced (all p \< 0.05), whereas the OD values were markedly increased in the LINC00355 vector group and the miR-195 inhibitor group (both p \< 0.05). There was no difference between the si-LINC00355 group, the miR-195 mimic group, and the si-HOXA10 group (p \> 0.05). In addition, there also was no difference between the LINC00355 vector group and the miR-195 inhibitor group (p \> 0.05). These findings demonstrated that silencing of LINC00355 or overexpression of miR-195 suppressed viability of HNSCC CSCs.Figure 3LINC00355 Silencing or miR-195 Upregulation Suppresses Viability, EMT, and Enhances Apoptosis of CSCsHNSCC CSCs were treated with si-LINC00355, LINC00355 vector, miR-195 mimic, miR-195 inhibitor, or si-HOXA10. (A) Quantitative analysis for cell viability as detected by MTT assay. (B) Cell apoptosis detected by flow cytometry. (C) Statistical analysis of cell apoptosis rate. (D) The relative expression of LINC00355, miR-195, and the mRNA expression of HOXA10, Vimentin, caspase-3, caspase-9, and E-cadherin determined by qRT-PCR. (E) Protein expression of HOXA10, Vimentin, caspase-3, caspase-9, E-cadherin, and GAPDH measured by western blot analysis. (F) Statistical analysis of the relative protein expression of HOXA10, Vimentin, caspase-3, caspase-9, and E-cadherin determined by western blot analysis. \*p \< 0.05 versus the control group and the NC group; the measurement data were expressed as mean ± SE, data at different time points were compared by two-way ANOVA, data among multiple groups were compared by one-way ANOVA, and the experiment was repeated three times. The T shape line indicates SD.

The effect of LINC00355, miR-195, and HOXA10 on CSC apoptosis was measured by the Annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) double staining ([Figures 3](#fig3){ref-type="fig"}B and 3C). There was no significant difference in apoptosis rate between the control group and the NC group (p \> 0.05). Compared with the NC group, the rate of cell apoptosis was significantly increased in the si-LINC00355 group, the miR-195 mimic group, and the si-HOXA10 group (p \< 0.05). Additionally, treatment with the LINC00355 vector group or the miR-195 inhibitor group markedly diminished the apoptosis rate (all p \< 0.05). The apoptosis rates in the si-LINC00355 group, the miR-195 mimic group, and the si-HOXA10 group were not significantly different (p \> 0.05), and no marked difference was found between the LINC00355 vector group and the miR-195 inhibitor group (p \> 0.05).

The expression of EMT-related factors and apoptosis-related factors was determined ([Figures 3](#fig3){ref-type="fig"}D--3F). Compared with the control group and the NC group, the expression of HOXA10 and Vimentin was downregulated while that of E-cadherin, caspase-3, and caspase-9 was upregulated in the si-LINC00355 group, the miR-195 mimic group, and the si-HOXA10 group (all p \< 0.05); the LINC00355 vector group and miR-195 inhibitor group exhibited elevated expression of HOXA10 and Vimentin but decreased expression of E-cadherin, caspase-3, and caspase-9 (all p \< 0.05). The expression of LINC00355 was remarkably increased in the LINC00355 vector group and was progressively decreased in the si-LINC00355 group and the miR-195 mimic group (all p \< 0.05). The expression of miR-195 was significantly upregulated in the si-LINC00355 group and the miR-195 mimic group and was markedly downregulated in the LINC00355 vector group (all p \< 0.05). These findings demonstrated that LINC00355 silencing or overexpression of miR-195 suppressed EMT and enhanced apoptosis of HNSCC CSCs.

LINC00355 Silencing or miR-195 Upregulation Attenuates the Invasive Ability of CSCs in HNSCC {#sec2.4}
--------------------------------------------------------------------------------------------

The roles of LINC00355, miR-195, and HOXA10 in CSC invasion were assessed using the Transwell assay ([Figure 4](#fig4){ref-type="fig"}). There was no significant difference in the number of invasive cells between the control group and the NC group (p \> 0.05). Compared with the NC group, the invasive ability of CSCs was significantly reduced in the si-LINC00355 group, the miR-195 mimic group, and the si-HOXA10 group, but remarkably enhanced in the LINC00355 vector group and the miR-195 inhibitor group (all p \< 0.05). The si-LINC00355 group, the miR-195 mimic group, and the si-HOXA10 group showed no notable differences in invasive potential (p \> 0.05), and there was no obvious difference in the number of invasive cells between the LINC00355 vector group and the miR-195 inhibitor group (p \> 0.05). These findings suggest that LINC00355 silencing or miR-195 elevation decrease the invasiveness of CSCs.Figure 4LINC00355 Silencing or Overexpression of miR-195 Reduces Invasive Ability of CSCs (100×)HNSCC CSCs were treated with si-LINC00355, LINC00355 vector, miR-195 mimic, miR-195 inhibitor, or si-HOXA10. \*p \< 0.05 versus the control group and the NC group; the measurement data were expressed as mean ± SE, data among multiple groups were compared by one-way ANOVA, and the experiment was repeated three times. The T shape line indicates SD.

LINC00355 Silencing or miR-195 Upregulation Inhibits Tumor Formation in Nude Mice {#sec2.5}
---------------------------------------------------------------------------------

CSCs transfected with miR-195 mimic or inhibitor of LINC00355, miR-195, and HOXA10 were injected into the nude mice and the growth of tumor xenografts was recorded. As shown in [Figures 5](#fig5){ref-type="fig"}A and [4](#fig4){ref-type="fig"}, weeks after inoculation, the tumor weight in the LINC00355 vector group and miR-195 inhibitor group was greater than that of the other groups, and the tumors in the si-LINC00355 group, the miR-195 mimic group, and the si-HOXA10 group displayed the lowest weights. In addition, the tumor volume was calculated, and the tumor growth curve was plotted ([Figure 5](#fig5){ref-type="fig"}B). The tumor volume was significantly decreased in the si-LINC00355 group, the miR-195 mimic group, and the si-HOXA10 group in comparison to the control and NC groups. Meanwhile, in the LINC00355 vector group and the miR-195 inhibitor group, the tumor volume was dramatically increased. The tumors were removed from the mice, and the tumor size was measured ([Figure 5](#fig5){ref-type="fig"}C). The data suggest that treatment with LINC00355, miR-195 mimic, or si-HOXA10 remarkably restrained tumor growth, whereas treatment with the LINC00355 silencing or miR-195 inhibition accelerated the growth of tumors. These findings confirmed that silencing of LINC00355 or upregulation of miR-195 can suppress tumor growth in nude mice.Figure 5LINC00355 Silencing or miR-195 Elevation Restricts the Growth of Tumors in Nude MiceNude mice were injected with suspension of CSCs treated with si-LINC00355, LINC00355 vector, miR-195 mimic, miR-195 inhibitor, or si-HOXA10. (A) The tumor weight of mice in each group. (B) The growth curve of tumor volume of nude mice in each group. (C) Images of tumors at the 35^th^ day. \*p \< 0.05 versus the control group and NC group; the measurement data were expressed as mean ± SE, data among multiple groups were compared by one-way ANOVA (A), and data at different time points were compared by repeated-measures ANOVA (B), n = 12 in each group. The T shape line indicates SD.

Downregulation of miR-195 Reverses the Function of LINC00355 Silencing in HNSCC {#sec2.6}
-------------------------------------------------------------------------------

Finally, the combinatorial effect of si-LINC00355 + miR-195 inhibitor was compared to si-LINC00355 + inhibitor-NC control group, and the effect on CSCs tumorigenesis was observed. The si-LINC00355 + miR-195 inhibitor group exhibited elevated OD value ([Figure 6](#fig6){ref-type="fig"}A), reduced cell apoptosis rate ([Figures 6](#fig6){ref-type="fig"}B and 6C), upregulated expression of LINC00355, HOXA10, and Vimentin, and decreased expression of miR-195, caspase-3, caspase-9, and E-cadherin compared with the si-LINC00355 + inhibitor-NC group ([Figures 6](#fig6){ref-type="fig"}D--6F; all p \< 0.05). In addition, CSCs in the si-LINC00355 + miR-195 inhibitor group showed enhanced invasiveness (p \< 0.05; [Figures 6](#fig6){ref-type="fig"}G and 6H). The *in vivo* experiment revealed that the tumor weight, tumor volume, and tumor size were increased significantly in the si-LINC00355 + miR-195 inhibitor group versus the si-LINC00355 + inhibitor-NC group (p \< 0.05; [Figures 6](#fig6){ref-type="fig"}I--6K). These results provide evidence that downregulated miR-195 reversed the functions of LINC00355 in HNSCC.Figure 6miR-195 Silencing Reverses the Functions of LINC00355 in HNSCCHNSCC CSCs were treated with si-LINC00355 in the presence of miR-195 inhibitor or inhibitor-NC. (A) Cell viability measured by the MTT assay. (B) Cell apoptosis detected by flow cytometry. (C) Quantitative analysis for cell apoptosis rate detected by flow cytometry. (D) The expression of LINC00355, miR-195, and the mRNA expression of HOXA10, Vimentin, caspase-3, caspase-9, and E-cadherin determined by qRT-PCR. (E) The protein expression of HOXA10, Vimentin, caspase-3, caspase-9, and E-cadherin determined by western blot analysis. (F) The statistical analysis of the protein expression of HOXA10, Vimentin, caspase-3, caspase-9, E-cadherin, and GAPDH determined by western blot analysis. (G) Cell invasion detected by the Transwell assay (100×). (H) The number of invasive cells. Nude mice were injected with suspension of CSCs treated with si-LINC00355 in the presence of miR-195 inhibitor or inhibitor-NC (n = 12). (I) Tumor weight of mice. (J) Tumor volume of mice at the different time points after injection. (K) Images of tumors at the 35^th^ day. \*p \< 0.05 versus the si-LINC00355 + inhibitor-NC group; the measurement data were expressed as mean ± SE. The experiment was repeated three times. Data comparison between two groups was conducted using unpaired t test (B, D, F, H, and I). Cell viability at different time points was analyzed by two-way ANOVA (A), while tumor volume at different time points was analyzed by the repeated-measures ANOVA (J). The T shape line indicates SD.

Discussion {#sec3}
==========

HNSCC is a relatively prevalent malignancy of the upper respiratory tract and alimentary canal.[@bib16] lncRNAs are thought to play a role in the progression of diverse malignant tumors;[@bib17]^,^[@bib18] however, studies have yet to link LINC00355 to tumor progression in HNSCC. This study investigated the relationship between LINC00355, miR-195, and HOXA10 in the regulation of EMT, viability, and invasion during the progression of HNSCC. LINC00355 silencing inhibited the expression of HOXA10 by upregulating miR-195, which further suppressed the development of HNSCC.

We found that LINC00355 and HOXA10 were highly expressed in HNSCC cells, whereas miR-195 was poorly expressed. Similar to our study, lncRNA HOX transcript antisense RNA has been confirmed to be remarkably increased in HNSCC samples relative to the normal squamous epithelium.[@bib19] Additional evidence shows that HOXA10 is overexpressed while miR-195-5p expression is low in HNSCC, suggesting that miR-195-5p might be a novel biomarker in the treatment of HNSCC.[@bib14]^,^[@bib20] Elevated miR-195 expression correlates with reduced breast cancer progression, and its expression is downregulated in breast cancer tissues and isolated cells, thus serving as a biomarker for the diagnosis and treatment of breast cancer.[@bib21] Decreased miR-195 expression is also seen in adrenocortical carcinomas and is associated with a poor survival rate.[@bib22] Together, findings highlight the importance of monitoring LINC00355, miR-195, and HOXA10 expression in HNSCC.

Next, our study confirmed that LINC00355 competitively bound to miR-195 and miR-195 could target HOXA10 in HNSCC. lncRNA plasmacytoma variant translocation 1 gene (PVT1) acts as an oncogene by binding miR-195 in cancers serving as a competitive endogenous RNA.[@bib23] HOXA10 expression was also repressed by miR-495, leading to the suppression of cell proliferation in oral cancer.[@bib24]

In the subsequent assays, we found that silencing LINC00355 or upregulating miR-195 inhibited viability, invasion, and EMT and resulted in the apoptosis of HNSCC cells. Decreased LINC00355 or increased miR-195 expression also correlated with elevated E-cadherin, caspase-3, caspase-9, and low expression of Vimentin. E-cadherin restrains tumor formation, progression, metastasis, and invasion.[@bib25] Vimentin is a prominent component of the intermediate filament family and its upregulation in cancer is associated with an enhanced tumor growth and invasion, as well as poor prognosis.[@bib26] Research conducted by Monique et al. showed that downregulation of E-cadherin and overexpression of Vimentin were connected to an elevated risk of metastasis in patients suffering from HNSCC.[@bib27] Caspase-3 is a cysteine protease that is closely correlated with the death of cells.[@bib28] Caspase-9 initiates the caspase cascade, which is vital for apoptosis signaling mediated by mitochondria.[@bib29] Notably, upregulation of miR-195-5p increased caspase-3 and caspase-9 protein expression levels in gastric cancer cells.[@bib30] Silencing of lncRNA H19 repressed tumor initiation, decreased risk of recurrence, and improved overall survival and disease-free survival in patients with HNSCC.[@bib31] A recent study revealed that overexpression of miR-195 suppresses EMT in hepatocellular carcinoma and is associated with elevated expression of E-cadherin and reduced expression of Vimentin.[@bib32] The inhibitory effect of miR-195 on EMT has also been reported in prostate cancer.[@bib33] Overexpression of miR-1 restrained proliferation, migration, and invasion and promoted apoptosis of HNSCC cells by targeting transgelin 2.[@bib34] Based on the results of both *in vitro* and *in vivo* experiments, there is strong evidence suggesting that LINC00355 promotes the development of HNSCC, whereas miR-195 impedes the progression of HNSCC.

In conclusion, we showed that LINC00355 functions as an oncogene, promoting the viability, invasion, and metastasis of HNSCC CSCs and that it promotes EMT on the basis of a series of *in vitro* and *in vivo* functional experiments. Mechanistically, LINC00355 competitively binds to miR-195, resulting in the upregulation of HOXA10, thus promoting the progression of HNSCC ([Figure 7](#fig7){ref-type="fig"}). LINC00355 and miR-195 represent promising therapeutic targets for the treatment of HNSCC; however, further examination of the mechanism by which LINC00355 and miR-195 regulate CSC properties needs to be completed in order to identify appropriate therapeutic targets. This would allow for the development of anti-cancer treatments that could be used in patients with advanced HNSCC.Figure 7The Mechanism of LINC00355 in HNSCC with the Involvement of miR-195 and HOXA10LINC00355 inhibits miR-195 expression, which in turn upregulates HOXA10, thus attenuating cell apoptosis and facilitating EMT of CSCs in HNSCC.

Materials and Methods {#sec4}
=====================

Ethics Statement {#sec4.1}
----------------

Mice were treated humanely, and the Institutional Animal Care and Use Committee of Shenzhen University approved all experimental procedures.

Microarray Analysis {#sec4.2}
-------------------

The gene expression information of HNSCC was retrieved from The Cancer Genome Atlas (TCGA) database (human papillomavirus infection negative), and the differentially expressed genes were screened from the transcriptome profiles with the edgeR package of R language programing. False positive discovery rate (FDR) correction was employed, and the p value was calculated using the package multi-test. The threshold was set with FDR \<0.05 and \|log2 (fold change)\| \>2. The microRNAs (miRNAs) that bound to the target gene were predicted on the websites of MicroRNA, Targetscan, Mirdb, and MiRSearch. The HNSCC-related microarrays were retrieved in the GEO database and the annotation files were downloaded. The Affy package of the R language programming was used for background correction and normalization of the microarray datasets. The non-specific filtration was performed using the Empirical Bayes linear model in the limma package combined with the traditional t test to screen out the differentially expressed miRNAs. The lncRNAs binding to the target miRNA were predicted in the Mircode website.

Cell Culture and Sorting {#sec4.3}
------------------------

The HNSCC cell line UM-SCC 2 was purchased from Tongji University School of Medicine (Shanghai, China). The cells were obtained from primary tumor cells and they were not infected with human papillomavirus. The cells were cultured in DMEM containing 10% calf serum. The cells were detached from plates during the logarithmic growth phase and suspended in serum-free medium containing 10 ng/mL epidermal growth factor (EGF) and 10 ng/mL basic fibroblast growth factor (bFGF). The cells were seeded in a low-adhesion 6-well plate at a density of 2,500 cells/mL and cultured for 72 h with half of the culture medium renewed. After culture for 1 week, the cell morphology was observed under an inverted microscope (CKX41, Olympus, Tokyo, Japan). The HNSCC cell spheres were collected with a 40 μm sieve and dispersed into a single cell suspension at 1,000 cells/mL. Afterward, 100 μL suspension was added to each well of the 96-well plate. 14 days later, the HNSCC cell spheres containing at least 15 cells were identified to calculate the percentage of wells that produced cell spheres. The cell spheres with self-renewal ability were re-dispersed and cultured. The cell spheres then were washed 3 times with FACS buffer consisting of PBS, 1% BSA, and 5 mM EDTA. ALDH-1 expressing CSCs were sorted using the ALDEFLUOR kit (StemCell Technologies, Durham, NC, USA). Briefly, the cells were incubated with the ALDEFLUOR assay buffer (BAAA, 1 μm/L buffer/1 × 10^6^ cells) containing ALDH substrate at 37°C for 40 min. The NC consisted of cells treated with 50 mmol/L diethylaminobenzaldehyde (DEAB), an ALDH inhibitor. The CSCs were sorted in the Aria cell sorter (BD Biosciences, San Jose, CA, USA).

Soft Agar Colony-Formation Assay {#sec4.4}
--------------------------------

The adherent cells and the cells before or after sorting were separated into a single cell suspension with the density adjusted to 5 × 10^4^ cells/mL in DMEM containing 20% fetal bovine serum (FBS). Agarose solutions at the concentration of 0.7% and 1.2% were prepared and incubated at 40°C after autoclaving. The 1.2% agarose solution and 2× DMEM containing 2× antibiotics and 20% calf serum were mixed at the ratio of 1:1, and 3 mL mixture was added into each well of the 6-well culture plate and placed in the cell culture incubator. Then, 0.7% agarose solution was mixed with 2× DMEM at the ratio of 1:1, followed by the addition of 0.2 mL cell suspension. The cell-agarose mixture (2 mL) was seeded into each well of the 6-well culture plate pre-coated with the 1.2% agarose gel. After culture for 21 days, the cells were washed 3 times with PBS, fixed with methanol for 15 min, and stained with crystal violet for 15 min. The culture plate was observed under the inverted microscope. The cell clusters containing over 15 cells were recorded as colonies, and the formation rates were calculated.

FISH Assay {#sec4.5}
----------

The HNSCC cells in logarithmic growth phase were seeded onto the cover glasses in the wells of a 24-well plate at a density of 5 × 10^3^ cells/well. After being fixed with 4% paraformaldehyde, the cells were permeabilized with 0.1% Triton X-100, pre-hybridized with pre-hybridization buffer at 37°C, and hybridized with biotin-labeled LINC00355 probe (Shanghai Gefan Biotechnology, Shanghai, China) at 42°C for 16--20 h. The cells were stained with 4',6-diamidino-2-phenylindole (DAPI) for 10 min, observed, and photographed under the Axio Observer A1 microscope (Carl Zeiss, Jena, Germany).

Dual-Luciferase Reporter Gene Assay {#sec4.6}
-----------------------------------

Genes targeted by miR-195 and LINC00355 were predicted by the biological prediction website <http://www.microrna.org/>, and whether HOXA10 was a direct target gene of miR-195 was verified using the dual-luciferase reporter gene assay. The target gene fragment was introduced into pMIR-reporter using endonuclease locus SpeI and Hind III. Complementary mutation sites of seed sequence were designed on the miR-195 WT. After restriction endonuclease digestion, the target fragment was inserted into the pMIR-reporter with T4 DNA ligase. The correctly sequenced luciferase reporter plasmids WT and mutant (Mut) were respectively co-transfected with LINC00355 into HEK293T (CRL-1415, Shanghai Xin Yu Biotech, Shanghai, China). After 48 h of transfection, the cells were collected, lysed, and centrifuged for 3--5 min with the supernatant collected. Ratios of firefly/Renilla luciferase were measured using the luciferase activity assay kit (RG005, Beyotime Institute of Biotechnology, Shanghai, China). This method is also applicable to verification of the relation between HOXA10 and miR-195.

RNA Co-immunoprecipitation {#sec4.7}
--------------------------

The cells were transfected with the FLAG-Ago2 vector. After 48 h, the cells were lysed with 1 mL lysis buffer containing 25 mM Tris-HCl (pH = 7.4), 150 mM NaCl, 0.5% NP-40, 2 mM EDTA, 1 mM NaF, and 0.5 mM dithiothreol supplemented with RNasin (Takara Bio, Otsu, Shiga, Japan) and protease inhibitor (B14001a, Roche Diagnostics, Indianapolis, IN, USA). The supernatant was centrifuged at 12,000× g for 30 min and incubated with 30 μL anti-FLAG M2 magnetic beads (BMFA-1, Biomarker Technologies, Beijing, China) at 4°C for 4 h. Subsequently, the beads were washed 3 times with the washing buffer containing 50 mM Tris-HCl, 300 mM NaCl (pH = 7.4), 1 mM MgCl~2~, and 0.1% NP-40. RNAs binding to the beads were extracted by TRIzol, and the expression of LINC00355 and miR-195 was determined by qRT-PCR.

Cell Grouping and Plasmid Transfection {#sec4.8}
--------------------------------------

The cells in logarithmic growth phase were assigned into 9 groups: the control group (cells transfected without any sequence); the NC group (cells transfected with NC plasmids); the si-LINC00355 group (cells transfected with si-LINC00355); the LINC00355 vector group (cells transfected with LINC00355 overexpression plasmid); the miR-195 mimic group (cells transfected with miR-195 mimic); the miR-195 inhibitor group (cells transfected with miR-195 inhibitor plasmid); the si-HOXA10 group (cells transfected with si-HOXA10); the si-LINC00355 + inhibitor-NC group (cells transfected with si-LINC00355 and inhibitor NC plasmids); and the si-LINC00355 + miR-195 inhibitor group (cells transfected with si-LINC00355 and miR-195 inhibitor plasmids). The cells in each group were seeded into the 6-well plate. When the cell confluence reached to 30%--50%, the cells were transfected according to the instructions of Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA). After that, 100 pmoL of si-LINC00355, pcDNA-LINC00355, miR-195 mimic, miR-195 inhibitor, si-HOXA10, si-LINC00355 + miR-195 inhibitor, and NC (with a final concentration of 50 nM after being added to cells) were respectively diluted with 250 μL serum-free medium Opti-MEM (GIBCO, Grand Island, NY, USA), mixed and incubated for 5 min at room temperature; 5 μL of Lipofectamine 2000 was diluted with 250 μL of serum-free medium Opti-MEM, mixed, and incubated for 5 min at room temperature. The above two were mixed, incubated for 20 min at room temperature, and added in the cell culture medium. After 6--8 h, the medium was replaced by the complete medium and the cells were cultured for an additional 24--48 h before subsequent experiments.

MTT Assay {#sec4.9}
---------

The cells in each group were plated into the wells of a 96-well plate. Six duplicate wells were set for each group. After 24 h, the medium was renewed with fresh RPMI 1640 medium. The cells were treated with 10% MTT reaction solution (5 g/L, GD-Y1317, Guduo Biotechnology Company, Shanghai, China) at 37°C for 4 h until insoluble blue-purple formazan crystals formed. After that, 150 μL DMSO (D5879-100ML, Sigma-Aldrich Chemical Company, St. Louis, MO, USA) was added to dissolve the formazan. The culture plate was oscillated uniformly for 5 min, and the OD value of each well was measured at 570 nm wavelength by the microplate reader (Nanjing Detie Laboratory Equipment, Nanjing, Jiangsu, China). The experiment was repeated 3 times. The cell viability curve was plotted with the time points on the x axis and the OD values on the y axis.

Flow Cytometry {#sec4.10}
--------------

48 hours after transfection, the cells were detached with EDTA-free 0.25% trypsin (YB15050057, Shanghai Yubo Biological Technology, Shanghai, China). Afterward, 1 × 10^6^ cells were resuspended in 100 μL Annexin V-FITC/PI staining solution prepare at a ratio of 1:2:50 with Annexin V-FITC, PI, and N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES) for 15 min at room temperature. After that, the cells were resuspended with 1 mL HEPES buffer. The apoptosis was detected using a flow cytometer at 488 nm.

Transwell Assay {#sec4.11}
---------------

The apical chamber of the Transwell system was coated with Matrigel. The cells were resuspended in serum-free DMEM at 5 × 10^4^ cells/200 μL and plated in the Matrigel-coated apical chamber. Meanwhile, RPMI 1640 medium containing 10% FBS was placed into the basolateral chamber. After 24 h, the cells were fixed with 70% methanol for 15 min, stained with hematoxylin for 15 min, and cleared with dimethylbenzene for 2--5 min. The number of cells passing through the Matrigel was counted for five different fields of view using the microscope.

qRT-PCR {#sec4.12}
-------

Total RNA was extracted from the cells by Trizol (16096020, Thermo Fisher Scientific, Waltham, MA, USA) and reverse transcribed into cDNA according to the instructions of the qRT-PCR kit (ABI Company, Oyster Bay, NY, USA). U6 was used as the internal reference for miR-195 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) for LINC00355, HOXA10, E-cadherin, Vimentin, caspase-3, and caspase-9. The primers were synthesized by TaKaRa (Takara Biotechnology, Dalian, Liaoning, China) ([Table 1](#tbl1){ref-type="table"}). The relative expression of each gene was calculated using the 2^-ΔΔCt^ method, where ΔΔCT = ΔCt ~(experimental\ group)~ - ΔCt ~(control\ group)~.Table 1Primer Sequences for qRT-PCRGeneForward (5′-3′)Reverse (5′-3′)LINC003555′-GTTGGTGCCTGCTTTTCCAC-3′5′-GGCGTGATACAACTGTCTGC-3′miR-1955′-GGGGAGCCAAAAGGGTCATCATCT-3′5′-GAGGGGCCATCCACAGTCTTCT-3′HOXA105′-GCCCTTCCGAGAGCAGCAAAG-3′5′-AGGTGGACGCTGCGGCTAATCTCTA-3′E-cadherin5′-CCCACCACGTACAAGGGTC-3′5′-CTGGGGTATTGGGGGCATC-3′Vimentin5′-GCAATCTTTCAGACAGGATGTTGAC-3′5′-GATTTCCTCTTCGTGGAGTTTCTTC-3′Caspase-35′-TGTCATCTCGCTCTGGTACG-3′5′-AAATGACCCCTTCATCACCA-3′Caspase-95′-ATGGACGAAGCGGATCGGCGGCTCC-3′5′-CGCTTCAGAATTTGCGTGTCAT-3′U65′-GCTTCGGCAGCACATATACTAAAAT-3′5′-CGCTTCACGAATTTGCGTGCAT-3′GAPDH5′-GCTGCCCAGAACATCATCC-3′5′-GTCAGATCCACGACGGACAC-3′

Western Blot Analysis {#sec4.13}
---------------------

Total protein was extracted by radio-immunoprecipitation assay (RIPA) lysis buffer, separated by SDS-PAGE, and transferred onto the nitrocellulose membrane. The membrane was blocked and incubated with the rabbit antibodies against HOXA10 (0.5 μg/mL, ab23392), E-cadherin (1:10,000, ab40772), Vimentin (1:2,000, ab92547), caspase-3 (1:500, ab13847), caspase-9 (1:2,000, ab32539), and GAPDH (1:2,500, ab9485) at 4°C overnight. Afterward, the membrane was incubated with horseradish peroxidase (HRP)-labeled goat anti-rabbit antibody against IgG (1:2,000, ab6721) at 37°C for 4 h. The signals were visualized by the enhanced electrochemiluminescence Fluorescence Detection Kit (BB-3501, Amersham Pharmacia, Piscataway, NJ, USA) and analyzed by the Bio-Rad image analysis system (Bio-Rad Laboratories, Hercules, CA, USA). The images were processed using the Quantity One v4.6.2 software. The relative protein content was expressed as the ratio of the gray value of corresponding protein band to the gray value of GAPDH. All the antibodies mentioned above were purchased from Abcam (Cambridge, UK).

Xenograft in Nude Mice {#sec4.14}
----------------------

A total of 108 male BALB/c-nu nude mice (weighing 18--22 g and aged 4 weeks) purchased from Experimental Animal Center of Guangdong (Guangzhou, Guangdong, China) were randomly assigned to 9 groups with 12 mice in each group: the control group, the NC group, the si-LINC00355 group, the LINC00355 vector group, the miR-195 mimic group, the miR-195 inhibitor group, the si-HOXA10 group, the si-LINC00355 + inhibitor-NC group, and the si-LINC00355 + miR-195 inhibitor group. The HNSCC cells in each group were labeled with the green fluorescence and detached. A total of 0.2 mL labeled cell suspension (1.0 × 10^7^ cells/mL) was subcutaneously injected into the groin of the right hind limb. The growth of xenograft tumors in nude mice was observed, and the tumor diameter was measured once a week with the vernier scale for 5 weeks. The growth curve of the xenograft tumors was plotted after calculation of the tumor volume: V = AB^2^/2, in which V represented the volume, A represented the long diameter of the tumor, and B represented the short diameter of the tumor. On the 35^th^ day, the tumor weight of nude mice in each group was counted. The mice were then euthanized, and the images of tumors were photographed.

Statistical Analysis {#sec4.15}
--------------------

Statistical analyses were conducted by SPSS 21.0 (SPSS, IBM, Armonk, NY, USA). All data were subjected to normal distribution and homogeneity of variance test. The measurement data conforming to normal distribution were presented as mean ± SD, and the data that did not conform to normal distribution or homogeneity of variance were expressed by interquartile range. The data in skew distribution were analyzed using the non-parametric Wilcoxon rank-sum test. Data comparison between two groups was conducted using unpaired t test. Data among multiple groups were compared by one-way ANOVA, in which pairwise comparison was performed by post hoc test. Cell viability at different time points was analyzed by two-way ANOVA, while tumor volume at different time points was analyzed by the repeated-measures ANOVA. p \< 0.05 indicated that the difference was statistically significant.
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